Supplementary Methods

Pfropfen parameters
Pfropfen is a Perl implementation of a novel algorithm developed to deduce potential sites of chemical RNA modifications in next generation sequencing data. It makes use of the observation that many chemical modifications lead to the misincorporation of nucleotides and or the termination of the reverse transcription during the production of the cDNA. The pattern of misincorporation seems to be depending on the chemical modification and on the sequence context of the modification site and generally does not follow a bi-allelic distribution as assumed for SNPs. To this end, Pfropfen tests for each site if any of the observed substitutions events (or RT termination, for that matter) are more frequent than expected by chance, given the background rate for that event and assuming a binomial distribution. Eventually, the p-values for all events, across all replicas analysed, are merged applying Fisher's method.
The implementation of Pfropfen used in this contribution can be found at https:// github.com/fabou-uobaf/Helferlein/blob/master/Pfropfen and was applied with the following parameters: -delta 0. 5 -cov 4 -qual 20 -noterm -indel -windsor 1 -pval 0.01 . Thereby the parameter control the following behavior: -delta 0.5 Only sites with an overall substitution rate below 0.5 are considered for the background rate determination.
-cov 4 Only sites covered by at least 4 reads are considered for modification calling.
-qual 20 Only bases with quality score above 20 are considered.
-noterm Premature read termination events are not considered.
-indel Indels and deletions are not considered.
-windsor 1 The highest and lowest p-value are removed before Fisher's method is applied.
-pval 0.01 Only sites with a multiple testing corrected p-value below 0.01 are reported.
Detection of modifications in miRNAs
To determine whether our best-practice workflow is also applicable to other small RNAs with nearly identical paralogs we conducted a pilot study for miRNA modification detection. Within this pilot study we selected a small subset of miRNAs to which we applied our worklfow using adjust parameter settings for the read trimming and mapping steps. However, the workflow for miRNA detection has to be improved in further studies, e.g. parameter setting refinement, validation with simulated data and the full number of known miRNAs has to be used.
miRNA collection and genome pre-processing A sample of 40 human miRNAs was selected at random from the set of miRNAs for which modification sites were reported by Deepanjan et al. (2017) . The corresponding pre-and mature miRNA sequences as well as their genomic positions were extracted from miRBase (release 21, (Griffiths-Jones et al., 2006 , 2008 Griffiths-Jones, 2011, 2014) ), respectively. Additionally, a 5' and 3' genomic flanking region of 20 nt was added to the pre-miRNA sequences.
The artificial genome was created as described in the tRNA best-practice workflow.
Read mapping and modification calling
The tRNA best-practice workflow for read mapping and variation calling has been applied to these data with the following small modifications: After the pre-mapping step reads which mapped to the mature miRNA boundaries only were selected. Three miRNAs (miR-451a, miR-421, miR-641) where the mapping pattern did not fit the current annotation in miRBase were excluded. In the second mapping the subset of filtered reads was aligned against the short mature miRNA sequences. Accounting for the much shorter miRNA reads we allowed only two differences in the seeds in both mapping steps.
Data sources and preprocessing
Two samples of strand-specific and publicly available miRNA-seq data were used for the tissues prefrontal cortex (GSM1585389, GSM1585390, (Hoss et al., 2015) ) and lung (GSM927320, GSM927322, (Kim et al., 2013) ). In comparision to the tRNA workflow reads shorter than 15 nt and longer than 40 nt were discarded during read trimming. Figure S1 : Straightforward approach. Absolute numbers of TP (blue), FP (red) and FN (dark red) modification calls obtained for simulated reads containing identical modification (l.h.s.) and random modification sites (r.h.s.) in tRNAs with the same sequence arising from distinct loci. In the most straightforward approach, the simulated reads were mapped against the native human reference genome. Additional significant misincorporation sites on all, only phased, and on only uniquely mapped reads were called using GATK's UnifiedGenotyper. The all mapped reads option shows the highest sensitivity, but also the highest false discovery rate. The best balance between true positive calls and errors is shown for the uniquely mapped reads filtering method for both simulated data sets. and FN (dark red) by analysing simulated reads containing (A) identical modification or (B) random modification sites. Significant misincorporation sites for uniquely mapped reads were called using GATK's UnifiedGenotyper. The statistical calling results for the different tested clustering methods (k-mer based greedy algorithm vs. centroid-based greedy algorithm) as well as for the different identity thresholds of 97 %, 98 % and 100 % are shown. In comparison to that, the numbers for the unclustered method are visualised. All examined thresholds and cluster techniques exhibited a very similar (although smaller) true positive rate but were much less specific compared to the clustering with 100 % identity in terms of the false positive rate. Indeed, the unclustered method shows only a few false positives, but a really low sensitivity. Figure S3 : Suboptimal alignments. Uniquely mapped reads are, by definition, reads which map only to one location with the optimal alignment score. In the same line, multiple mapped reads are reads which map to more than one location with the same optimal score. The alignment score is measured as the edit distance between the reference genome and the read sequence. Applying a suitable short read aligner also suboptimal read alignments can be reported and used for variant calling. Given the high number of expected base misincorporations the true mapping location could also be amongst one of the suboptimally aligned positions. For the simlulated reads used in this study it can be shown that doing so quickly increases the number of erroneously considered reads. If only optimal alignment positions of uniquely mapped reads are considered, ∼1 % of the trusted alignments are mapped to the wrong position, and thus potentially produce wrong misincorporation patterns. If also multiple optimally aligned reads are allowed this number increases to ∼27 % and ∼30 %, for all and phased reads, respectively. If suboptimal read alignments are also included up to one mismatch worse than the optimal alignment, already ∼54 % of the considered read alignment locations are misguided. This observation can be explained by the distribution of suboptimal alignment scores (see insert plot). Even though all reads whose optimal alignment did not correspond with the correct alignment had their true alignment only one mismatch away (insert, lower panel) the majority of reads whose optimal alignment was the correct one, had also the next suboptimal alignment only one mismatch away (insert, upper panel). So allowing for suboptimal read alignments up to one mismatch worse than the optimal alignment would rescue many correct alignments but for the cost of allowing two magnitude more wrong reads to be considered in the follow-up analysis. For the unclustered (r.h.s.) as well as the clustered method (l.h.s.), the results of the different read filter strategies (all, phased, unique) are shown, respectively. Significant misincorporation sites for each filtering step were called using the customly implemented Pfropfen approach. For both simulated data sets, the ratio between the true positive rate and the false positive rate is balanced in favor of the uniquely mapped reads. The unique filtered reads are much more sensitive in regard to the clustered method, then the unclustered method. Overlap of the (purple) simulated tRNA modifications with the called variations sites resulting from the best-practice method using (green) GATK's UnifiedGenotyper and from the (yellow) custom implemented modification caller Pfropfen. The analysis of the simulated reads containing identical modification sites is shown in (A), in which 2,530 (84,3 %) of the 3,001 generated modification sites were detected using both variation callers. Im comparison to that, in the analysis of the simulated reads containing random modifications (B) 1,455 (62,6 %) modifications of the simulated 2,324 sites were detected overlapping both caller methods. The UnifiedGenotyper detected much less TP than the custom ad hoc method, but also shows a reduced set on FP. Thus, Pfropfen seems to be more sensitive at the expense of reduced specificity. Figure S6 : IGV of pre-tRNA filtering. IGV screen shot showing mapped reads from esophagus muscularis mucosae tissue to the tRNA chr1.tRNA98 GluT T C after read mapping to the artificial genome (see main text for details). At the top, the unfiltered mapped reads and at the bottom, the pre-tRNA filtered reads are displayed. The pre-tRNAs mapping to the 5'-leader (residues 1-50) and 3' trailer (residues 126-175) sequence introduce an additional error at position 69 at the tRNA (residue 51-125).
Supplementary Figures
Mismatches caused by mapping pre-tRNAs will be erroneously called as modification site. The exclusion of pre-tRNA reads therefore helps to reduce false positive hits. Still the same 292 tRNAs were modified at the four tissues cerebellum, diencephalon, ovary and skeletal muscle, whereas the tRNAs are not always identically modified, resulting nonetheless in an almost identical modification site pattern (see Fig 3) . Similarly, the tissues testis and esophagus muscularis mucosae which display a different modification site pattern compared to the other tissues, show 104 identical modified tRNA, regardless of that 245 tRNAs contain modifications in both tissues. Summarizing, 227 tRNAs show modifications in each tissue, but just 39 tRNAs are identically modified, strengthening the assumption that tRNAs were modified in a tissue specific manner.
Figure S11: Tissue specific modifcation pattern. IGV screen shot displaying mapped reads from the tissues (top) esophagus muscularis mucosae, (middle) diencephalon and (bottom) testis to one of the tRNA GluT T C clusters following our best-practice method using uniquely filtered reads. The clustered tRNAs show in each tissue different modifications sites, strengthening the assumption that tRNAs were modified in a tissue specific manner. 
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